Objective: Despite the recent use of computed tomography scan and diagnostic laparoscopy, acute appendicitis is still highly misdiagnosed. Timely diagnosis of acute appendicitis is more crucial in children and elderly patients because of vague symptoms and rapid progression to perforation in these age groups, which may result in high rates of morbidity and mortality. The aim of the present study was to find the diagnostic values of procalcitonin and interleukin 6 (IL-6) for diagnosing acute appendicitis in our center.
INTRODUCTION
Appendicitis is the most common cause of surgery of the abdomen with an incidence rate of 11 in 10,000 annually and most commonly occurred in the second to fourth decade of life especially in young adults (1, 2) . Timely diagnosis of acute appendicitis is crucial especially in children and elderly patients because of vague symptoms and rapid progression to perforation in these age groups, which may result in high rates of complications including wound infection, intra-abdominal abscess formation, and mortality (3, 4) . Despite the recent use of computed tomography scan and diagnostic laparoscopy, acute appendicitis is still highly misdiagnosed at a rate of 15%, with the highest number of negative appendectomy seen in elderly women (5) . Hence, additional preoperative testing may be helpful for the timely diagnosis of acute appendicitis. Although the role of the measurement of inflammatory cytokines, such as procalcitonin, interleukin 6 (IL-6), and C-reactive protein, which are involved in acute and chronic inflammatory responses in addition to the measurement of white cell count and bilirubin for diagnosing acute appendicitis, has been investigated in few studies, the results varied with no consensus about the best test (6, 7) .
The aim of the present study was to find the diagnostic values of procalcitonin and IL-6 in the diagnosis of acute appendicitis and their associations with the severity of the disease in our center.
MATERIAL AND METHODS

Patient selection
In this prospective study, patients who were suspected of acute appendicitis and who were referred to the emergency department of a tertiary care urban hospital in 2016 were enrolled in the study. Patients with an Alvarado score of >5 or in whom the diagnosis of acute appendicitis was documented using computed tomography scan were included in the study. Exclusion criteria comprised patients with a history of autoimmune disease; who underwent transplantation; receiving immunosuppressive, antibiotic, and/or immunomodulator drugs; who were in sepsis; or who were markedly overweight with a body mass index >25. All patients were visited and examined by the same surgeon. 
Study protocol
A 5 mL blood sample was obtained from each patient before appendectomy. No antibiotic or antipyretic drugs were administered before sampling. Serum samples were stored at −20 °C, and all measurements were performed under similar conditions at the same day. The measurement of procalcitonin and IL-6 was performed using enzyme-linked immunosorbent assay Human Procalcitonin (Eastbiopharm, China) and AviBion Human IL-6 (Orgenium, Finland) kits, respectively. Serum levels >0.5 ng/mL for procalcitonin and 5 pg/mL for IL-6 were considered as positive in our study. A pathologist examined the resected specimen of the appendix, and a definite diagnosis was made as normal appendix, inflammatory defined as infiltration of inflammatory cells, suppurative defined as infiltration of inflammatory cells with destruction of the appendiceal wall, with no evidence of abscess or perforation, and gangrenous and/or perforated appendicitis defined as infiltration of inflammatory cells, necrotic appendiceal wall, and macroscopic periappendiceal abscess and/or perforation.
Statistical Analyses
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM Corp., Armonk, NY, USA). Qualitative and quantitative data were compared using the Fischer's exact and independent t tests, respectively. A p value <0.05 was considered as statistically significant.
RESULTS
Eighty patients including 53 (66.3%) men who underwent appendectomy were enrolled in the study. The frequency of patients in the 0-20, 21-40, 41-60, and older than 60 years old age groups were 30 (37.5%), 39 (48.8%), 6 (7.5%), and 5 (6.2%) patients, respectively. The diagnosis of acute appendicitis was histopathologically confirmed in 60 (75%) patients including 18, 20, and 22 patients with inflammatory, suppurative, and gangrenous/perforated appendicitis, respectively. Figure 1 shows the frequency of positive procalcitonin or IL-6 in patients with the aforementioned different histopathology diagnoses. The sensitivity and specificity of procalcitonin for diagnosing acute appendicitis were 65% and 80%, respectively, with positive and negative likelihood ratios of 3.25 and 0.43, respectively, and positive and negative predictive values of 90% and 43%, respectively. In addition, the sensitivity and specificity of IL-6 for diagnosing acute appendicitis were 76% and 55%, respectively, with positive and negative likelihood ratios of 1.7 and 0.42, respectively, and positive and negative predictive values of 83% and 44%, respectively. On the other hand, the sensitivity and specificity of using concurrent procalcitonin and IL-6 together for diagnosing acute appendicitis were 95% and 55%, respectively.
DISCUSSION
Fecaliths or inflammatory hypertrophy of the lymph nodes is a major cause of proximal appendiceal lumen obstruction that may lead to impaired blood supply of the appendix followed by rapid multiplication of resident bacteria of the appendix and bacterial endotoxin release (8) . Bacterial endotoxins, in addition to the proinflammatory cytokines, promote the release of procalcitonin as an early marker of systemic bacterial infection that is associated with the severity of the infection. Moreover, it has been proposed that the expression of calcitonin I gene, which is responsible for the production of procalcitonin, is highly increased during bacterial infection (9) . On the other hand, the measurement of serum procalcitonin with a half-life of 24 h has been shown to be reproducible and affordable with a low time spent for obtaining the result, making it a reasonable choice for diagnosing acute appendicitis (10) (11) (12) . In our study, the sensitivity and specificity of serum procalcitonin for diagnosing acute appendicitis were 65% and 80%, respectively, and for diagnosing perforated appendicitis were 68% and 52%, respectively. Similarly, in a recent systematic review by Acharya et al. (13) , the pooled sensitivity and specificity of procalcitonin for diagnosing acute appendicitis were 36% and 88%, respectively, and for diagnosing perforated appendicitis were 69% and 67%, respectively. Similar to our results, some other studies suggested that the measurement of procalcitonin is more sensitive for diagnosing perforated appendicitis, whereas it has less accuracy for diagnosing uncomplicated appendicitis (14, 15) .
During acute appendicitis, the other proinflammatory cytokines, especially IL-6 as mediators of fever and acute phase reactions, are secreted due to the inflammatory process and neutrophil recruitment following the invasion of bacteria to the appendix (16, 17) . In the present study, the sensitivity and specificity of serum IL-6 for diagnosing acute appendicitis were 76% and 55%, respectively, and for diagnosing perforated appendicitis were 91% and 37%, respectively. Similarly, previous studies have shown that the measurement of IL-6 is associated with high sensitivity and low specificity for diagnosing acute appendicitis. Ozguner et al. (18) showed that the serum level of IL-6 is significantly lower in children who had negative appendectomy than in children with complicated or uncomplicated appendicitis, suggesting that the measurement of IL-6 is helpful in reducing the number of negative appendectomies. In the study by Gürleyik et al. (19) , the sensitivity and specificity of IL-6 were 84% and 46%, respectively, and a marked elevation of IL-6 level was reported in patients with perforated appendicitis. In the aforementioned systematic review, similar to our study, the pooled sensitivity and specificity of IL-6 for diagnosing acute appendicitis were 73% and 72%, respectively, and for diagnosing perforated appendicitis were 79% and 63%, respectively. Moreover, the overall performance of IL-6 was reported to be superior to procalcitonin, especially in terms of cost, sensitivity, and prediction of perforation. However, IL-6 was not specific especially for diagnosing complicated appendicitis and associated with higher time spent for obtaining the result than procalcitonin (13) .
As previously mentioned, the measurement of procalcitonin was associated with low sensitivity and high specificity, whereas IL-6 was associated with high sensitivity and low specificity for the diagnosis of acute appendicitis. The total sensitivity and specificity of measurement of these two biomarkers combined were 95% and 55%, respectively, for diagnosing of acute appendicitis.
CONCLUSION
Our study suggests that the measurement of combining procalcitonin and IL-6 can provide beneficial evidence for superior decision-making, and owing to high sensitivity, negative results of each of these biomarkers may assist us in ruling out acute appendicitis and reducing the number of negative appendectomies.
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